accepted, many of the more recent methods require sophisticated computer facilities,5 and normal segmental wall motion values have not been established for simultaneous 30°right anterior oblique (RAO) and 60°left anterior oblique (LAO) views. We evaluated three commonly used quantitative methods (chord, radial and area) of wall motion analysis to determine which technique best detects abnormal function. The methods chosen are relatively simple and therefore suitable for routine clinical use. The study was performed by analyzing simultaneous 300 RAO and 600 LAO projections of contrast left ventriculograms by each method.
Methods
Technically adequate cineventriculograms of patients evaluated for possible coronary artery disease were included in this investigation. Ventriculograms were performed using a General Electric 16 mm cinegraphic biplane system at 60 frames/sec with alternate firing of the cameras. The patient was positioned in the 30°RAO to the anterior-posterior tube and 60°LAO to the lateral tube. We performed left ventriculography using 0.8 ml/kg of Renografin-76 to a maximum dose of 60 ml injected in 4 seconds. After ventriculography, each patient had selective coronary angiography by the Judkins technique.
Before drawing the ventricular outlines, two cardiologists simultaneously evaluated the films subjectively according to the American Heart Association system for segmental left ventricular wall motion assessment. Each of seven anatomical regions was scored as normal, mildly, moderately or severely hypokinetic, akinetic, aneurysmal, or dyskinetic ( fig.  1 ). 6 Cineventriculograms of poor quality leading to unknown function of a region were excluded from this study. Ventriculograms of sinus beats were traced at end-systole and end-diastole. Premature and postpremature beats were not used in this study. The ventricular silhouette with the largest total area immediately before mitral valve closure was traced for end-diastole. The end-systolic silhouette was defined as that which had the smallest area before mitral valve opening. These maximum and minimum areas were determined by visual inspection. The traced silhouette was then compared with several preceding and following cine frames to insure proper selection. The same contraction was used to trace the RAO and LAO views. Several beats were evaluated in both views to ensure that the selected silhouettes were representative of the end-systole and end-diastole in each patient. All ventriculograms were performed with the patients holding their breath at end-inspiration to minimize cardiac rotation about the long axis. No patient in the study demonstrated diaphragmatic motion between diastole and systole.
Two groups were studied. The control group comprised 17 patients with qualitatively normal LV wall motion. These patients had normal coronary arteries or only minor luminal irregularities on selective angiography, as well as normal hemodynamics, enddiastolic and end-systolic LV volumes and normal ejection fractions. All control patients had normal chest x-rays and ECGs. We considered three methods for evaluating regional wall motion. Each system defined the major axis in the RAO view as the line from the apex to the midpoint of the aortic valve plane; in the LAO view the major axis for each technique was a line from the aortic-mitral valve junction to the apex. The apical region furthest away from the aortic valve plane midpoint (RAO) and aortic-mitral valve junction (LAO) was taken as the apex point. All reference systems were applied to the end-systole and end-diastole silhouettes independently, and were thus corrected for any motion of the heart in space except rotation. Figure 2 shows the format for each system. In the AMERICAN HEART In other words, the more negative Z, the worse the regional function. The lower limit of normal was defined as two standard deviations below the normal mean (i.e., Z < -2).
Each method was applied to 46 severely abnormal regions defined on qualitative analysis. We questioned if any method produced significantly more negative Z numbers than the other methods. This can be tested by the null hypothesis: "The values of Z in qualitatively abnormal segments are the same in all three methods of quantifying regional wall motions." To test this hypothesis, we used the two-way analysis of variance (method fixed, patient random). After rejecting this null hypothesis, we used the Student-Newman-Keuls multiple range test to define which method produced, on the average, more negative values for Z in the abnormal regions.
The The relationship between ischemic heart disease and the potential for left ventricular regional wall abnormalities has been firmly established since the classic experiments of Tennant and Wiggers.7 A measurement of the myocardial effect of coronary artery disease can be obtained by studying regional function. Other etiologies of segmental wall motion abnormalities have been discussed, such as abnormal ventricular activation due to conduction defects and disproportionate hypertrophy.8 Wall motion analysis in these settings may also prove clinically relevant. Unfortunately, no quantitative method for regional analysis has been universally accepted. 4 5 Recently, clinical interventions have been advocated to determine the potential for regional wall motion change. With these interventions, quantitation of segmental function has taken on new importance. Potentially ischemic regions of apparently normally contracting myocardium may demonstrate functional deterioration with stress, such as pacing and exercise.", 13 Conversely, it has been reported that abnormal regions may improve with nitroglycerin, postextrasystolic potentiation, inotropes and coronary artery bypass grafting.'4-l8 A quantitative system able to define normal segmental function may assist in determining clinically relevant regional change occurring with interventions. Techniques such as two-dimensional echocardiography and nuclear angiography are being used to assess left ventricular regional function. Analyzing the reliability of these methods is made more difficult by the lack of an accepted quantitative system for cineventriculogram regional evaluation.
Any acceptable wall motion analysis must account for several factors. In the 300 RAO view the analytical system should compensate for lifting of the apex caused by systolic rotation.9 Artifacts of thoracic, diaphragmatic or camera motion must also be considered. Since ischemic heart disease is a major cause of regional abnormalities, an analytical system might do best to measure segmental ejection change of Radial  0  0  3  43  3  30  3  38  5 100  2  29  5  63  21  46  Chord   0  0  4  57  3  30  3  38  3  60  5  71  6  75  24  52  Area  0  0  1  14  1  10  1  13  1  20  0  0  1  13  5 regions supplied by major coronary branches. Reported techniques which bisect the apical region do not consider the usual left anterior descending coronary artery distribution.'2 14 Finally, any method constructed should examine the entire left ventricle by two simultaneous orthogonal views. '4 We examined the rectilinear chord, radial and area ejection methods to determine which technique best quantitates left ventricular regional wall motion. Each compensated for systolic apical rotation and aortic motion by in effect overlapping the long axis of diastole and systole. Diaphragm motion was excluded by comparing the diaphragm level in diastole and systole. Although the internal reference technique used makes diaphragm motion less important, rotation about the long axis with cardiac descent may introduce error by changing the portion of the ventricle seen in profile. Each method examines regions of the ventricle that approximate the distribution of major coronary branches. All techniques used biplane simultaneous orthogonal views.
The systems differ in several important ways. The rectilinear chord method measures wall motion as a change occurring perpendicular to the long axis of the ventricle. However, shortening may occur from the base toward the apex in all regions outlined in the 30°R AO projection.'9 The chord method detects all baseto-apex change essentially as one aortic valve planeto-apex measurement. All area measurements and some radial line measurements take base-to-apex change into account. The area method includes a long perimeter of the ventricular silhouette for each seg Our criteria for selecting one of the three methods for clinical assessment of regional wall motion are: 1) the method should best illustrate the normally uniform symmetric nature of ventricular function on examination of a normal control population, and 2) the method should best detect the selected, markedly abnormal regions. The area method meets these criteria, and demonstrated the best uniformity of the mean regional changes with a coefficient of variation 0.12 vs 0.26 for the other methods. Only the posterobasilar area 5 was low, probably because much of this region consists of noncontractile posterior mitral valve and aortic valve structures. The data in table 2 substantiate that the area method detected abnormality best, independent of which ventricular segment was involved. It also had a significantly lower overall failure rate than the other methods.
The ventriculogram shown in figure 3 was subjectively judged to have severe wall motion abnormalities of four regions in the RAO view. These regions and the Z values for each method are listed in the accompanying chart. Three of four abnormal regions were not detected (i.e., Z > -2) by the chord and radial methods. All four abnormal segments in the area method had Z < -2. Figure 4 shows Z values computed for each qualitatively, severely abnormal region examined. The area method separates the normal and abnormal groups significantly better than the other two methods. The dashed line in this diagram represents the lower limit of normal defined at the 97% confidence level by the one-tail distribution. For our population this represents 2 standard deviations from the mean. Ninety-seven percent of the normal population would fall above this dotted line. The overlap between abnormal and normal is apparent for the radial and chord methods, as demonstrated by the distribution of the Z values for the qualitatively abnormal regions. Three of five abnormal regions not detected by the area method were near the lower limits of normal and exceed the 95% confidence limits. The mean changes and the lower limits of normal for each region by each system are illustrated in figure 5 . It is important to note how large the normal limits are in many regions of the radial and chord techniques. The lower limits of normal in some regions fall near or below the zero change line. Lower normal limits are well above the zero line in the area method. Area 5, the region of smallest percent regional change, encompasses mitral and aortic valve structures in the RAO view. It might therefore be expected to have less change than purely myocardial regions of the ventricular silhouette.
In each case where the area method failed to detect abnormality, the chord and radial methods also failed. Five qualitatively abnormal segments were not detected by any method. Four 
